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QUANTIFICATION OF COMMON AGRICULTURAL HERBICIDE DISPERSAL 
AND LAND USE IN SELECTED AREAS OF THE KENTUCKY RIVER 
WATERSHED 
 
 
Andrew Nagel, Sarah Stryffeler, James Brown, Dr. Kristy Hopfensperger, Dr. David 
Thompson 
 
216 Clover Ridge Ave, Fort Thomas Kentucky, 41075 
859-907-8464 
nagela4@nku.edu 
 
 
Atrazine, an abundant herbicide has been found to cause numerous adverse effects on 
non-target species. The agricultural use of “burndown” herbicides, such as atrazine and 
metolachlor, for clearing land is common in the Kentucky River watershed. To study the 
effect these herbicides may have on native willows, a dominant riparian tree, we have 
utilized a combined field and laboratory approach. Testing of Kentucky River and 
tributary water samples in June 2013 revealed that atrazine was present in 21 a nd 
metolachlor was present in 4 out of 23 sites in Henry, Owen, and Carroll counties. 
 
As a follow up to the preliminary data, water, soil, and vegetation samples were collected 
during May and June 2014.  Water samples were collected five separate times, along with 
a single sampling of soil and vegetation at the sites. Samples were prepared for enzyme 
linked immunosorbent assay (ELISA) analysis using filtration and extraction procedures. 
Of the 12 sites sampled in 2014, atrazine was identified in water samples from all 12 sites 
and metolachlor was identified in 3. Additionally, of the soil and leafy tree tissue 
samples, concentrations of both atrazine and metolachlor were found in every sample. 
Atrazine concentrations in water samples ranged from 0.05ppb to 3.95ppb. Studies have 
found that atrazine causes adverse effects at concentrations as low as 0.10ppb. In our 
findings ten of the twelve sample sites had concentrations at or above 0.10ppb within the 
sampling period. Additionally, several statistical analysis were conducted using SPSS 
statistical software including Kruskall-Wallis Anova, Dunns test and post hoc 
comparisons. 
 
GIS analysis of the area for agricultural use was compared to the sites that tested positive 
for these herbicides and percent cultivated crops was compared with the mean values 
from the sample analysis. From each sample site, a radius of 500m with 1000m upstream 
buffer was created. This being used to determine if the herbicides were present within the 
sample site and where would they be coming from. A mixed linear model analysis 
indicated that the percent cultivated crop land use is significantly related to atrazine and 
metolachlor concentrations in collected water samples. Additionally, this analysis 
suggested that the herbicides were accumulating within the soil and plant tissues. 
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From the study we now know that these harmful chemicals are present within the 
watershed at high concentrations. Despite these not being the cause for the disappearance 
of willows, they may still be harmful to other organisms within the watershed which 
could be addressed in future studies.  
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EXPLORING THE EFFECTS OF HERBICIDES ON WILLOW SEEDLINGS 
Sarah Stryffeler, Drew Nagel, James Brown, Dr. Thompson, and Dr. Hopfensperger 
2686 Edenbridge Ct. Burlington, KY 41005 
(859) 250-2139 
Stryffeles1@nku.edu 
 
 In the many agricultural areas of Kentucky, the use of no-till herbicides, such as 
atrazine and metolachlor, are common for soybean and corn crops.  These herbicides can 
leach into groundwater and run off into surface water, potentially harming the organisms 
that live in these ecosystems.  Research is limited on how these herbicides are affecting 
native trees, particularly willows, found along Kentucky’s waterways.  Our preliminary 
testing of water samples in the lower Kentucky River watershed revealed that atrazine 
was present in 21 a nd metolachlor was present in 4 out of 23 sample sites in Henry, 
Owen, and Carroll counties.   
To determine the potential effects of these herbicides on willow trees, 30 black 
willow seedlings were planted in the Northern Kentucky University greenhouse in May 
2014.  Each seedling received a treatment of atrazine, metolachlor, a mixture of the two, 
or neither in varying concentrations.  T he treatments with three replicates each were 
given the herbicides three times per week for eight weeks. 
Multiple variables; including stem length, average midrib length, number of 
leaves, number of branches, and chlorophyll fluorescence; were measured weekly to 
determine how each plant was responding to the herbicide treatment.     
 After two months of applying the herbicide treatment, data analysis was performed in the 
form of ANOVA.  This analysis revealed that there was no significant difference among 
the herbicide treatments.  It is possible that higher concentrations of these herbicides 
could have negative effects on willow seedlings; however, it is  unlikely that 
concentrations that high would be found in the Kentucky River system.   
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LiDAR MAPPING SINKHOLES IN CANE RUN WATERSHED 
Fidele Nsonguh Tibouo 
Dept of Earth & Environmental Sciences 
University of Kentucky, Slone Building 
Lexington, KY 40506 
(859)940-8112 
Email: fns222@g.uky.edu 
 
Junfeng Zhu and James Dinger 
Kentucky Geological Survey  
University of Kentucky 
 
 
Cane Run watershed is located between the cities of Lexington and Georgetown and 
straddles the counties of Fayette and Scott in the Inner Bluegrass region of Central 
Kentucky. This watershed is underlain by Ordovician-age limestone rocks which have 
developed numerous karst features, such as sinkholes. A sinkhole is a natural depression 
in the surface of the ground where rainfall is drained internally (Currens, 2010). 
Sinkholes work as rapid passages linking surface water to groundwater, making 
groundwater exposed to contamination. Catastrophic Sinkhole events can be caused both 
by humanity through broken water pipes and naturally through rainfall that will dissolve 
rock and erode soil. They can be found around the world, but are most common in 
limestone environments and where limestone underlays clastic sediments such as sand.  
So, are there possibilities to predict or prevent future sinkholes? 
Over past decades, LiDAR (Light Detection and Ranging) has been established as a 
promising method for mapping and locating sinkholes by researchers. Montane (2002) 
used LiDAR and ground penetrating radar in central Florida and suggested that airborne 
LiDAR may be used to map subtle topographic features associated with sinkhole hazard. 
In Nixa, Missouri, Mukherjee and Zachos (2012) have identified sinkholes from LiDAR 
by using a sink-filling method. Zhu et al., (2014) in the Floyds Fork watershed used a 
LiDAR technique to increase the number of identified sinkholes by a factor of four with 
an identification success rate of between 80% and 93% at the 95% confidence level, and 
identified approximately 55% of the sinkholes previously mapped. Rahami and 
Alexander (2013) found that the majority of nonagricultural sinkholes were visible using 
LiDAR in the Winona County, Minnesota. 
Sinkhole data within the Cane Run watershed were originally collected in a s tatewide 
effort to digitize sinkhole data in the early 2000’s (Florea et al., 2002). This information 
was extracted from the 7.5-minute topography maps through visual inspection and 
digitization of closed-contours, but was not verified with field inspections. Furthermore, 
the most recent revisions to these topographic maps were completed in 1993, and new 
sinkholes may have formed since this date. These factors have consequently attributed to 
an incomplete data set. 
This incomplete sinkhole data set has given us an opportunity to use LiDAR data to 
confirm previously mapped sinkholes, and to also identify previously unidentified 
sinkholes. In this study in the Cane Run watershed, we used the same five-step procedure 
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utilized by Zhu et al. (2014)  which is 1) import LiDAR data to ArcGIS, 2) create high 
resolution DEMs from the imported data, 3) extract surface depression features from the 
DEMs, 4) inspect depression features for probable sinkholes, and 5) field verify probable 
sinkholes. The DEM Created from the LiDAR data set allowed us to extract 859 
polygons of depressed land surface in our area of study. We categorized the polygons in 
to three classes: (1) not sinkholes because they were stream channels, (2) potentially 
sinkholes, and (3) probable sinkholes. There were 54 probable sinkholes and 32 potential 
sinkholes. We field checked approximately 7% and 3% of probable sinkholes in Fayette 
and Scott Counties, respectively. During our field checking, many of the polygons were 
found to be storm drainage ponds. We realized that many probable sinkholes were 
located on  farms, also some probable sinkholes in our area of study were overlapping 
with the sinkholes previously mapped in  Fayette and Scott Counties. Those which do not 
overlap are ptoentially sinkholes newly formed in recent years. The reason why the 
percentages differ from Zhu et al. (2014) field checking results is because our main field 
checking was in the urban area where some of the sinkholes were filled due to 
construction.  
The newly identified sinkholes in the Cane Run watershed provide a good basis to 
understand their distribution and develop techniques that can decrease or avoid personal 
injuries and property damage. This method could be improved by modifying the 
parameters with which polygons are identified as possible sinkholes. False positives 
compose a large percentage of polygons that are initially identified as possible sinkholes. 
If these discrepancies could be removed or reduced, it would significantly reduce time 
spent in the field. 
References: 
Currens, J. C., 2010, retrieved January 16, 2015, from http://www.uky.edu/KGS/water/general/karst/kgeohazard.html. 
Florea, L. J., R. L. Paylor, L. Simpson, and J. Gulley, 2002, Karst GIS advances in Kentucky. Journal of Cave and 
Karst Studies, p 58-62. 
Montané, Juana Maria, 2002, Geophysical Analysis of a Central Florida Karst Terrain using Light Detection and 
Ranging (LIDAR) and Ground Penetrating Radar (GPR) Derived Surfaces. Florida International University, Miami, 
Florida, Master’s Thesis, 69 pp. 
Mukherjee, A. and L. G.  Zachos, 2012, GIS analysis of sinkhole distribution in Nixa, Missouri, Geological Society of 
America Abstracts with Programs, Vol. 44, No. 7, p. Rahimi, M.,  S. C. Alexander and E. C. Alexander, Jr. ,2010, 
LiDAR mapping of sinkholes: Winona County, MN (poster). Abstract 47-3, GSA 2010 Abstracts with Programs, Joint 
Meeting North-Central/South-Central Sections, Vol. 42, No. 2, p. 107-108. 
Rahimi, M. and E. C. Alexander, Jr., 2013, Locating sinkholes in LiDAR coverage of a glacio-fluvial karst, Winona 
County, MN, Conference Proceedings -- Thirteenth Multidisciplinary Conference on Sinkholes and the Engineering 
and Environmental Impacts of Karst, University of South Florida, p469-480. 549. 
Zhu, J., T. P. Taylor, C. C. Currens, M. M. Crawford (2014), Improved Karst Sinkhole Mapping in Kentucky Using LiDAR Techniques: 
A Pilot Study in Flyods Fork Watershed, Journal of Cave and Karst Studies, in press, DOI: 10.4311/2013ES0135. 
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SURFACE ENHANCED RAMAN SPECTROSCOPY TO STUDY 
PHOTOCATALYTIC DEGRADATION OF ORGANIC POLLUTANTS 
 
Frankie K. R. Wallace1 and Matthew J. Nee2 
1906 College Heights Blvd, Bowling Green, KY 42101 
(270) 745-0114  
1 frankie.wallace664@topper.wku.edu 
2 matthew.nee@wku.edu 
 
Recent studies have shown increasing concentrations of biologically harmful organic 
pollutants in wastewater, including hormones from hospital waste and a variety of 
pesticides from farm runoff. A potentially effective way of removing these organic 
pollutants is by taking advantage of photocatalytic degradation, the breakdown of organic 
compounds by ultraviolet (UV) radiation in the presence of a catalyst such as titanium 
dioxide (TiO2). Although studies have shown that processes utilizing photocatalytic 
degradation can effectively remove organic pollutants at the very minute concentrations 
at which they are biologically threatening, the mechanisms behind these reactions are not 
well understood. Understanding these mechanisms is a crucial step in developing safe 
and effective technologies that take advantage of photocatalytic degradation in the field 
of wastewater treatment.  
 
To fully understand these reactions it is necessary to monitor them in real time, which we 
have recently shown can be managed with Raman spectroscopy. Raman spectroscopy is 
useful for these types of studies because it quickly provides a molecular fingerprint 
determined by specific vibrational modes within molecules without destroying any 
sample. Raman spectra can be taken of aqueous solutions without water interfering with 
signal, and many spectra can be taken in succession. In order to monitor those 
compounds that are sparingly soluble, however, it is necessary to enhance the Raman 
signal of the target compound. Surface enhanced Raman spectroscopy (SERS) uses the 
properties of gold nanoparticles to enhance Raman signal by one million fold. Gold 
nanoparticles are synthesized in our lab using a standard citrate reduction method and are 
aggregated using sodium chloride prior to being suspended in aqueous solutions with 
appropriate analytes prior to taking spectra with the Raman system. Much of the work 
done on this project has been dedicated to optimizing signal enhancement and ensuring 
that results from SERS experiments will be reliable and consistent. Aggregating the gold 
nanoparticles using sodium chloride helps to increase SERS signal enhancement to a 
greater degree than the nanoparticles would alone. In order to optimize the aggregation of 
the nanoparticles for our purposes, studies were done to determine the appropriate 
concentration of sodium chloride necessary for producing the greatest amount of signal 
enhancement, as well as the appropriate amount of time nanoparticles should be in 
solution with sodium chloride.. Nanoparticles formed by aggregating gold colloid with 
0.1M sodium chloride for a period of at least 24 h prior to use proved to yield the best 
signal enhancement. These preliminary studies were necessary for ensuring that signal 
could be reliably taken at the very low concentrations. 
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One persistent issue with SERS had been its 
difficulty producing quantitative results: signal 
levels could not be correlated to solution 
concentrations, which is critical for assessing 
photocatalytic degradation. We show here that 
carbon disulfide (CS2) is effective as an internal 
standard to provide a point of reference in order 
to take quantitative measurements. SERS with 
the use of an internal standard is performed by 
adding the internal standard to a solution of 
analyte, and then adhering colloidal gold 
nanoparticles to the internal standard and analyte 
simultaneously before collecting spectra with the 
Raman spectrometer (Figure 1). The analyte 
used in our studies for testing the validity of CS2 
as a SERS internal standard was Rhodamine 6G 
(R6G), a dye with a well-known SERS response. 
Our proof of concept study showed that there is 
in fact a predictable correlation between the 
concentration of R6G and the integrated areas of 
its peaks as compared to the integrated area of 
the single peak in CS2. The use of an internal 
standard as a point of reference makes SERS 
measurements reliable and therefore opens up 
the possibility of monitoring changes in both 
concentration of organic pollutants and identity 
of any intermediates created over the course of a 
reaction such as photocatalytic degradation.  
 
To begin studies of the photocatalytic 
degradation of common organic pollutants, R6G 
will again be used as the compound for initial 
tests. The degradation reaction will be 
monitored using a flowing reactor, which allows 
Raman spectra to be collected on a continuously 
flowing sample as frequently as o nce every 
minute. By monitoring the photocatalytic 
degradation reactions of organic compounds in 
aqueous solutions in real time using SERS with 
an internal standard, we will track the decline in 
concentration of pollutants over time. We will 
also have a unique look at spectra of any reaction intermediates. This will help to understand the 
reaction mechanisms more fully so that we can ensure that photocatalytic degradation is safe to 
implement into the wastewater treatment process.  
Figure 1. Raman spectra of CS2 (top panel) and 
rhodamine 6G (middle panel) adhered to gold 
nanoparticles. No Raman signal can be detected 
of such low concentrations in the absence of the 
gold nanoparticles. When both are co-adsorbed 
(bottom panel), the relative concentrations of 
the two components can be determined 
quantitatively. 
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A TEST OF COMBINING TIME-LAPSE ELECTRICAL RESISTIVITY IMAGING 
AND SALT INJECTION FOR LOCATING KARST CONDUITS 
 
Clay Atcher*, Audrey H. Sawyer, Junfeng Zhu, and James Currens 
*280 Swigert Avenue, Lexington, KY, 40505 
*(859) 699-7271 
*clayatcher@mac.com 
 
 The use of electrical resistivity imaging to locate karst conduits has traditionally 
shown mixed success. However, time-lapse electrical resistivity imaging combined with a 
salt injection may improve conduit detection by elucidating regions where electrical 
conductivity changes due to salt passage. We tested the approach above a known karst 
conduit in the Kentucky Horse Park (Lexington, Kentucky). A salt tracer solution was 
injected into a karst window over a 45-minute interval, and repeat resistivity surveys 
were collected approximately one kilometer away along a 125-meter transect every 20 
minutes. The resistivity transect was located near a well that penetrates the conduit, 
where a conductivity sensor was deployed. The in-situ conductivity data are essential for 
verifying the results of the electrical resistivity method. Conductivity in the well peaked 
at approximately 125% of the initial value ~3 hours after salt injection. Preliminary 
pseudo-sections show areas of increasing conductance that correlate to conductivity 
changes recorded in the well. If this imaging method proves viable after inversion of the 
resistivity data, time-lapse electrical resistivity imaging could allow for more reliable 
identification of karst conduits in the subsurface. 
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PHOSPHORUS TRANSPORT FROM LAND-APPLIED  
COMPOST BEDDED PACK DAIRY BARN WASTE 
 
Mauricio Cunha Almeida Leite¹, Leslie Hammond 2,  
Ann Freytag 2, Mark Coyne 2, and Joseph Taraba 3 
,1Universidade Federal de Lavras,Brazil, 2Department of Plant & Soil Sciences  and 
3Department of Biosystems & Agricultural Engineering, University of Kentucky 
859-257-4202, Mscoyn00@email.uky.edu 
 
Compost bedded pack dairy barns (CBP) were introduced to the United States in the early 
2000’s as a housing and waste management alternative for small to mid-size dairy 
operations. Since 2006 nearly ten percent of Kentucky’s dairies have utilized this system, 
with adoption projected to grow. In general, as composting proceeds it stabilizes nutrients 
into biomass, slowing down nutrient release. However, little is known about the fertility 
release aspects of CBP product, which contains approximately 2% N  and 1% total P 
(Kellogg et al., 2000).   
 
Unlike cured or finished compost, CBP is an unfinished product, which warrants study to 
understand its fertility aspects as a soil amendment. Limited research is available about 
the environmental impacts of CPB material once it is  land-applied. Of equal concern is 
the impact of organic wastes on s ensitive soils, such as those occupying steep slopes, 
those with high soil test phosphorus levels, and those in close proximity to surface 
waters.  Regional soils exhibit higher phosphorus content due to native mineralogy. This 
inherent property, in addition to karst geology in many regions of Kentucky, increases the 
risk of phosphorus loading and loss to freshwaters from land-applied CPB material.  
 
The P content of composted cattle manure can vary, even amongst herds, due to changes 
in feed, bed management, and storage (Barnett, 1994; Dou et al., 2000: Hammond et al., 
2013). The objectives of this research were to address the extent to which compost 
bedded pack dairy barn waste affects soil phosphorus dynamics and the mobility of 
phosphorus of land-applied CBP waste. We examined the extent to which CBP waste 
contributes to P loading and availability in susceptible soils, because this is an 
environmental and economic factor specifically affecting the sustainability of Kentucky 
dairy operations.  From this study, an improved understanding of the fertility dynamics of 
land- applied CBP waste and other organic waste sources was gained, which may foster 
watershed scale health by implementing better informed waste application decisions.  
 
CBP waste was added at four application rates (1, 2, 4, and 8 Mg/ha) to a Maury silt loam 
(1-3% slope ) at the University of Kentucky Maine Chance Research farm. The chemical 
analysis of the CBP material is in Table 1. At the time of surface application, core 
samples were taken to a depth of 30 c m (0-15 and 15-30 cm increments) and after 30 
days, core samples were taken to a depth of 5 centimeters and further sectioned by depth  
into 1 cm increments.   A simple phosphorus fractionation scheme was performed using 
UV light to reveal inorganic water soluble P and labile organic P, which were quantified 
by a microplate colorimetric procedure.   
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Table 1. Nutrient characteristics of composted bedded pack barn waste. 
 
 Nutrient    %       Nutrient  ppm (mg/kg) 
     C   38.4      Zn          228 
     N     2.5      Cu             49 
     P     0.9      Mn           240 
     K    1.9      Fe         1210 
     Ca     2.3 
     Mg     1.0 
 
 
At the time of application, the average water soluble P was 37 mg/kg (range 25 to 50 
mg/kg) at 0-15 cm and 11 mg/kg (range 7 to 17 mg/kg ) at 15-30 cm. Average labile 
organic P was 9 mg/kg (range 7 – 12 mg/kg) at 0-15 cm and 3 mg/kg (range 2 to 6 
mg/kg) at 15-30 cm depth.  Labile organic P represented about 20% of total water soluble 
P at either depth. There was a significant effect of depth on initial water soluble and 
labile organic P.  
 
Table 2 shows the net change in water soluble P by depth and treatment. After 30 days 
the net change in water soluble P from 0-1 cm depth relative to an unamended control 
core from the same plot ranged from 23 to 103 mg/kg.  Labile organic P was an 
inconsequential fraction of the P after compost addition.     
 
 Table 2. Effect of compost bedded pack dairy waste amendment on net change in water 
soluble P by depth ( mean + sd, n=3) 
 
Application Rate (Mg/ha)  0-1 cm depth   4-5 cm depth 
         (mg/kg)                     (mg/kg) 
 
 1      23.3 + 16.3   29.4 + 13.5 
 2      25.9 + 16.2   15.1 + 13.6 
 4      40.5 + 9.1   19.6 + 13.8 
 8    103.3 + 67.6     8.2 + 11.1 
 
 
The initial results of this study suggest that increasing the rate of the compost material 
results in an immediate increase in water soluble P in the first cm of soil that is 
proportional to the rate applied. However, the increase in water soluble P at greater 
depths was not consistent and reaffirms the relative immobility of soluble P in the soil 
environment. 
 
This work was sponsored by the Kentucky Water Resources Research Institute in 
accordance with a student support grant from the  United States Geological Survey 
(2014KY234B) awarded to Leslie Hammond. Mauricio Cunha Almeida Leite was 
supported by an undergraduate internship from the CAPES Foundation.  
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PHOSPHORUS DYNAMICS OF COMPOST BEDDED PACK DAIRY BARN WASTE 
 
Leslie Hammond¹, Mark Coyne¹, and Joseph Taraba² 
¹Dept. of Plant & Soil Sciences², Dept. of Biosystems & Agricultural Engineering 
University of Kentucky, 859-257-4202, Mscoyn00@email.uky.edu 
 
Due to economies of scale, smaller animal feeding operations, like many dairies in the 
Commonwealth of Kentucky, face challenges in managing organic waste nutrients, 
namely phosphorus (P) and nitrogen (N). Compost bedded pack dairy barns (CBP), a 
viable option for waste management in small to mid-size dairy operations, were first 
introduced to the United States in the early 2000’s. Since 2006, nearly ten percent of 
Kentucky’s dairies have utilized this system, with projected growth in adoption. In 
general, as composting proceeds, it stabilizes nutrients into biomass, slowing down 
nutrient release. During this process, P is conserved while N and carbon (C) decrease as 
volume and mass decreases. Compost used as a soil amendment enhances soil 
productivity by increasing soil organic matter content, introduces a suite of 
microbiological activity, and can enhance the ability of a soil to conserve nutrients.  
 
The degree and extent of P mineralization and availability following soil application of 
composts is poorly understood (Zvomuya et al., 2006). To better understand the change 
in P with time, two soils were subjected to aerobic mineralization for 120 days.  Soil test 
P is hypothesized to have a measurable effect on the availability of fertilizer additions 
and a strong influence on a soil’s capacity to sorb P.  To examine the effect of soil test P, 
two Faywood silt loams were used, one of which exhibited high soil test phosphorus 
(HSTP) and the other a low soil test phosphorus (LSTP). Each soil was amended with 0, 
56, 112, or 224 kg/ha P as raw manure or CBP waste. At 0, 30, 60, a nd 120 days, soils 
were sampled. Each sample was tested using a simple phosphorus fractionation scheme 
to reveal inorganic water soluble P and labile organic P decomposable by means of UV 
radiation.  In addition, plant-available forms of nitrogen following anaerobic 
mineralization were also determined. This report addresses only the first 30-day 
incubation period. 
 
Initially, the LSTP soil with compost had 7.1 and 5.4 m g/kg water soluble P and UV 
extractable labile organic P, respectively. The control experienced no significant change 
with time. At the time of addition, the compost increased water soluble P in the LSTP soil 
by 24, 50, and 91 mg/kg, respectively for the three compost application rates (56, 112, 
and 256 k g/ha). The initial change in water soluble P for LSTP soils amended with 
manure was 17, 32, and 89 mg/kg. The difference in treatments at the time of application 
was negligible in terms of water soluble P. The change in labile organic P was 0.2, 2, and 
8 mg/kg, respectively in LSTP soils amended with 56, 112, a nd 256 kg /ha compost 
initially.  Labile organic P following initial addition of manure in LSTP soil was 5, 10, 
and 14 mg/kg, respectively for the 56, 112, or 224 kg/ha P application rates. In general, 
the organic P fraction was more labile in manure-amended LSTP soil. 
  
After 30 da ys aerobic incubation, water soluble P in the LSTP compost treatment 
decreased by 54 and 30 percent for the 52 and 112 kg/ha treatments, respectively, while 
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water soluble P in the 224 kg/ha treatment increased slightly. The 56 a nd 112 kg/ha 
samples experienced an increase in labile organic P, with the latter increasing by 6 
mg/kg, while the labile organic P in the 224 kg/ha treatment decreased by 30%, an 
amount that could be attributed to the slight increase in water soluble P. The LSTP soil 
amended with raw manure had a d ecrease in water soluble P of 10, 16,  and 59 m g/kg 
respective to treatment, indicating that the soil had a high sorption capacity for labile P. 
This is in accordance to literature in terms of sorption kinetics and capacity. The decrease 
in labile organic P across all manure treatments with time in LSTP soil was minimal, 
suggesting that these sources were still recycled amongst soil biota.  
 
The HSTP soil control contained 56 and 6 mg/kg water soluble P and labile organic P, 
respectively. The amount of labile organic P was similar to that of the LSTP control, 
which is consistent for soils that have similar organic matter content. Following compost 
addition, treatments increased water soluble P by 36, 70, and 171 m g/kg, respectively. 
The labile organic P at the time of addition decreased in the soil amended with 56 kg/ha 
by half, but increased in the other treatments by 5 and 11 mg/kg, respectively. After 30 
days incubation, the compost amended samples experienced a 17, 33, and 23% decrease 
in water soluble P relative to each respective treatment rate. Labile organic P in the CBP 
amended HSTP soil remained stable in the lower application rates, but decreased by 
nearly 13 mg/kg for the 224 kg/ha amendment. It is unclear as to the cause of the P loss, 
but it is  hypothesized that it was adsorbed or may have precipitated as secondary P-
containing minerals because the overall extractable P content by this methodology 
decreased over 30 days. Manure amendment to HSTP soil increased water soluble P and 
labile organic P across all treatments. This is consistent with literature, which states that 
raw manure tends to increase STP values, especially the inorganic fraction with time in 
higher STP environments (Thom and Dollarhide 2002; Pagliari and Laboski 2013). 
 
We conclude that the short term 30-day effect of CBP added to soil differs depending on 
soil test P level. In LSTP soils the CBP tends to slowly mineralize, and like inorganic P 
fertilizers, is subject to adsorption. In HSTP soil, CPB is first sorbed, but slowly released 
with time, suggesting that understanding release characteristics is crucial to meet crop 
needs and to inhibit soil losses. Raw manure, due to its inherently higher inorganic P 
content, quickly sorbs in LSTP soils, but increases bioavailable P in HSTP soil 
environments, and should be applied on a P basis.  Because P within CBP waste material 
is concentrated during the composting process, it is imperative to ensure proper testing of 
the amendment including total P and moisture content to prevent the possibility of 
subsequent over application of P in HSTP soils following incorporation or surface 
application.  In accordance with current nutrient management policies, application of 
CBP waste to soils exhibiting high STP, should be applied on a  P basis to prevent P 
losses.   
 
This work was sponsored by the Kentucky Water Resources Research Institute in 
accordance with a student support grant from the  United States Geological Survey 
(2014KY234B) awarded to Leslie Hammond.  
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DEVELOPMENT OF POLYPHENOLIC NANOCOMPOSITE MATERIALS FOR THE 
RAPID REMOVAL OF ORGANIC POLLUTANTS FROM CONTAMINATED 
WATER SOURCES 
 
Angela M. Gutierrez, Bradley J. Newsome, Rohit Bhadari,  
Thomas D. Dziubla and J. Zach Hilt 
177 F. Paul Anderson Tower 
 Department of Chemical and Materials Engineering 
University of Kentucky, Lexington, KY 40506-0046 
859-257-3864 
amgu232@g.uky.edu; zach.hilt@uky.edu  
 
 
Polyphenolic nanocomposite materials were developed using two distinct methods to 
capture organic pollutants from water sources. The polyphenolic moieties were 
incorporated to create high affinity binding sites for organic pollutants within the 
nanocomposites.  The first method utilized a surface initiated polymerization of 
poly(ethylene glycol)-based and polyphenolic-based crosslinkers on the surface of iron 
oxide magnetic nanoparticles to create a co re-shell nanocomposite. The second method 
utilized a bulk polymerization method to create macroscale films that were composed of 
iron oxide nanoparticles incorporated into a polyphenolic-based polymer matrix, and then, 
these films were processed into microparticles.  Both methods produce nanocomposite 
materials that can specifically bind chlorinated organics, can rapidly separate bound 
organics from contaminated water sources using magnetic decantation, and can use 
thermal destabilization of the polymer matrix for contaminant release and material 
regeneration. The polyphenol functionalities used to bind organic pollutants were 
quercetin multiacrylate (QMA) and curcumin diacrylate (CDA), which are acrylated forms 
of the nutrient polyphenols with expected affinity for chlorinated organics. These were 
then crosslinked with poly(ethylene glycol) 400 diacrylate (PEG400DA) to form 
biomimetic polychlorinated biphenyls (PCBs) binding domains. Particles were 
characterized using transmission electron microscopy (TEM), dynamic light scattering 
(DLS), Fourier transform infrared spectroscopy (FTIR), and thermal gravimetric analysis 
(TGA). Pollutant binding studies were performed using PCB 126 as a model PCB and 
chlorinated organic pollutant to determine binding affinity and capacity, and this was 
quantified using GC-ECD. It was demonstrated that the materials effectively bound PCBs, 
and the addition of the polyphenols, QMA and CDA, was shown to have a greater affinity. 
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USE OF eDNA TO DETECT DARTER SPECIES 
IN CENTRAL KENTUCKY STREAMS 
 
Mary R. Johnson, Annissia L. Wood, Cierla V. McGuire, Harold A. Brabon, 
Malinda A. Stull, Ashton Bain and Ben F. Brammell 
Department of Natural Sciences 
Asbury University, Wilmore, KY 40390 
(859) 858-3511  Ext. 2123 
ben.brammell@asbury.edu 
 
Environmental DNA (eDNA) refers to DNA shed into the environment by sloughed cells, 
feces, gametes, or other particles.  In aquatic systems, this DNA disperses through the 
environment and can be recovered through water samples and the organisms that released 
it identified, offering great promise in improving species detection and conservation.  
eDNA detection of macroscopic organisms is still a relatively new technique and many 
unanswered questions exist regarding detection limits and nucleic acid degradation rates, 
among other issues.  We developed species specific primers for use in qPCR eDNA 
detection of four darter species found in central KY streams: the rainbow darter 
(Etheostoma caeruleum), fantail darter (Etheostoma flabellare), greenside darter 
(Etheostoma blennioides), and logperch (Percina caprodes).  Laboratory studies were 
conducted to verify the specificity of these primers and  a field test produced results 
consistent with electrofishing surveys.  A lthough none of the fish in this study are 
threatened or endangered, Kentucky is home to five species of federally endangered fish, 
including three darter species.  The results of this study should be applicable in the 
eventual eDNA monitoring of these and other threatened and endangered fish species.       
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USE OF eDNA IN HELLBENDER (Cryptobranchus alleganiensis) DETECTION 
 
Ronald B. Sams1,
 Christopher C. Pauley1, Mary R. Johnson1, Malinda A. Stull1, 
Andrew J. Wigginton2 and Ben F. Brammell1 
 
1Department of Natural Sciences, Asbury University, Wilmore, KY 40390. 
(859) 858-3511  Ext. 2123 
ben.brammell@asbury.edu 
 
2Department of Biology, Eastern Kentucky University, Richmond, KY 40475 
(859) 622-1531 
Andrew.Wigginton@eku.edu 
 
 
Hellbenders (Cryptobranchus spp.) are North America’s largest amphibian species and 
are comprised of two subspecies.  The Ozark hellbender (Cryptobranchus alleganiensis 
bishopi) is found in southern Missouri and northern Arkansas and is federally endangered.  
The eastern hellbender (Cryptobranchus alleganiensis alleganiensis) is found from 
southern New York to northern Alabama.  In the last century eastern hellbenders have 
experienced dramatic range reductions thought to largely be the result of dam 
construction, pollution, and sedimentation as well as over collecting.  Range reductions 
of up to 80% have been reported in some areas.  Additionally, hellbenders are reclusive 
organisms, most frequently residing under large slab rocks, and are therefore notoriously 
difficult to survey.  Environmental DNA (eDNA) provides an effective, non-invasive 
method to document hellbender presence in an efficient manner.  Previous studies have 
used end point PCR to successfully survey hellbender populations in the southeast, 
including some Kentucky streams.  We developed and tested protocols to utilize qPCR in 
the eDNA monitoring of hellbenders in central Kentucky streams.  DNA extracted from 
both a tail clip and a hellbender shed were utilized as a positive control along with water 
samples collected in areas known to harbor robust hellbender populations.  Initial water 
samples collected from several central KY streams and the Kentucky River were 
analyzed as well although these initial tests were negative for hellbender eDNA.  Future 
studies will survey habitats in KY from which hellbenders are known historically but for 
which distribution data are scare or entirely lacking.  These data should contribute to the 
conservation efforts of this elusive organism.    
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THE RECOVERY POTENTIAL SCREENING TOOL: PRIORITIZING 
WATERSHEDS FOR RESTORING IMPAIRED WATERS 
Caroline Chan and John Webb 
Kentucky Division of Water 
200 Fair Oaks Ln 
Frankfort, KY 40601 
(502)564-3410 
Caroline.Chan@ky.gov and John.Webb@ky.gov 
 
The Kentucky Division of Water (KDOW) is charged with protecting and restoring the 
waters of the Commonwealth. With limited dollars and a mandate from the USEPA to 
show successes, KDOW must be selective in determining where to implement strategies 
to improve water quality. The Recovery Potential Screening Tool is an EPA-produced 
model that uses ecological, stressor, and social indicators for each watershed to produce a 
score for the recoverability of that watershed. Flexibility is inherent in the tool in that the 
user can choose which metrics to input for each indicator based on the needs of the user. 
KDOW has been one of the states chosen to beta-test the Recovery Potential Screening 
Tool. An example of scoring pathogen impaired streams/watershed for potential 
mitigation projects is given. The example demonstrates how metrics are chosen, put into 
the model, and model results are interpreted. 
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CLIMATE CHANGE IMPACT ON THE TRANSPORT OF WATER, SEDIMENT 
AND SEDIMENT CARBON IN THE INNER BLUEGRASS 
Nabil Al Aamery 
Graduate Associate 
Department of Civil Engineering 
University of Kentucky 
364 O. H. Raymond Bldg. 
Lexington, KY 40506-0281 
Phone: (859) 536-1934 
Email: nabil.hussain@uky.edu 
 
Jimmy Fox 
Associate Professor 
Department of Civil Engineering 
University of Kentucky 
354G O. H. Raymond Bldg. 
Lexington, KY 40506-0281 
Phone: (859) 257-8668 
Email: james.fox@uky.edu 
 
Climate change and land use can significantly impact the hydrological processes, 
sediment yield, and sediment carbon at a regional scale, and the motivation of this 
research is to gain a better understanding of these processes in temperate regions of the 
eastern United States including Kentucky USA. The National Climate Assessment 2014 
reported that all global circulation models, regardless of emission scenario, predict higher 
temperature and higher precipitation in the wet regions, and lower precipitation in the dry 
regions around the world in the middle and end of this century. The Bluegrass Region is 
characterized as one of the wet regions in the central and eastern United States where 
change in the climate is projected.  For example, under continuous emission increase 
scenario, the average annual precipitation and the average annual temperature are 
anticipated to increase by 0 to 10% and 3.9 to 5 (oC), respectively, by 2100.  
 We are investigating how the projected climate changes might impact 
streamflow, sediment transport and sediment carbon fate and transport in the Bluegrass.  
We have chosen the South Elkhorn Watershed as a case study due to the fact that: (i) it is 
considered a highly impaired watershed where streamflow and water quality predictions 
are needed; (ii) many anthropologic activities exist within the watershed, including 
urbanization and agriculture, for which changes in water and sediment processes will be 
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of interest; (iii) we have many historic datasets available and research experience within 
the watershed that allow forecast modeling; and (iv) stream flow, sediment, and sediment 
carbon responses to the impact of the projected climate change have not been assessed 
previously in the watershed. 
In order to complete our investigation, the Soil and Water Assessment Tool 
(SWAT) hydrologic model was first evaluated to South Elkhorn Watershed using past 
conditions and then driven for future conditions by using downscaled temperature and 
precipitation data from North American Regional Climate Change Assessment Program 
(NARCCAP). SWAT was chosen for this study because it has been widely applied and 
successfully evaluated in different regions all around the globe.  In addition, we are 
applying our previously parameterized numerical models for sediment transport and 
sediment organic carbon fate and transport.  
So far, the NARCCAP climate change results indicate an increase in the average 
annual maximum daily temperature by about 1.3 oC for the period 2046 to 2050 a s 
compared to the period 2006 to 2010, and NARCCAP predicts an increase in the annual 
precipitation by about 10%. For the South Elkhorn Watershed, SWAT suggests a 
significant stream flow impact due to the global climate change includes an increase in 
the average annual stream flow by as much as 50%, which is attributed to the fact that the 
climate projections predict that the wettest days will be even wetter.  The extremity of the 
hydrologic events predicted by SWAT transport much of the rainfall as runoff 
immediately and increase the average streamflow.  We currently are further investigating 
the distribution of rainfall and streamflow throughout the simulation period as well as 
comparing the NARCCAP model results with other projections.  In addition, 
consideration of the impact of climate changes on sediment and sediment carbon is 
currently under development. 
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MACROTURBULENCE IN UNIFORM AND NONUNIFORM HYDRAULICALLY 
ROUGH OPEN CHANNEL FLOW 
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Macroturbulence is defined as large scale turbulence within open channels and 
comprises the entire flow depth and has implication for sediment or contaminant 
transport process as well as implications for restoring streams in order to support aquatic 
life. This research experimentally investigates the form and function of macroturbulence 
in uniform and nonuniform hydraulically rough open channel flows in order that new 
flow phenomena can be used to guide the mentioned applications. Our specific goal is to 
estimate the proportion of velocity fluctuations, shear stresses and turbulent energy that is 
due to the macroturbulence, which could be compared with proportion of these quantities 
associated with smaller scale turbulence production derived from shedding processes off 
the bed.   
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We hypothesize that the relative turbulent kinetic energy associated with the 
macroturbulence will increase as the relative submergence increases since shedding 
processes do not extend as far into the flow field.  In order to test this hypothesis and 
elucidate the role of macroturbulence, we choose three different roughness types that will 
allow us to vary the strength of shedding and hence potentially the proportion of 
macroturbulent energy to the total energy of the flow.  In the experimental design, flow 
depth and roughness type are being varied in order to in turn impact the aspect ratio and 
relative roughness given previous research that these hydraulic parameters disrupt 
shedding and secondary current generation believed to ultimately be organized by the 
macroturbulence of the flow.  Here, we present three component flow velocity acquired 
by both an Acoustic Doppler Velocimeter (ADV) and a Vectrino Profiler. These two 
instruments operate by the principal of Doppler shift.  The ADV measures the velocity 
components in three dimensions at a certain point in the flow while the Vectrino Profiler 
provides profiling velocity measurements with 1 mm vertical resolution over a range of 3 
cm. We present traditional time average metrics of the flow; but more descriptive 
instantaneous turbulence methods are also used to see the imprint of macroturbulence on 
the velocity signal and test the above hypothesis.   
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OVERVIEW OF THE COLLAPSE SINKHOLE OCCURRENCE AT THE NATIONAL 
CORVETTE MUSEUM, BOWLING GREEN, KENTUCKY 
Charles J. Taylor 
Kentucky Geological Survey 
University of Kentucky 
charles.taylor@uky.edu 
 
Jason Polk 
Hoffman Environmental Research Institute 
Western Kentucky University 
 
The large sinkhole that collapsed the floor of the Sky Dome exhibit hall at the National 
Corvette Museum, Bowling Green, Kentucky, resulting in severe damage to the building 
and the loss of several vintage cars, captured the attention of national and international 
media and the general public during much of 2014. The museum is located on a n 
extensive karst plain developed on Mississippian-age limestones. The karst in this area is 
characterized by an abundance of large and well-developed sinkholes, sinking streams, 
caves, and springs. Sinkholes are the most numerous and widespread of karst features in 
Kentucky. However the sudden and unanticipated occurrence of a large and damaging 
sinkhole such as this is a relatively rare event in the state. In the aftermath of the collapse, 
geologists at the Kentucky Geological Survey and Western Kentucky University began 
working in collaboration to investigate the geological factors that likely contributed to the 
sinkhole’s development. A previously unknown cave passage was discovered beneath the 
Sky Dome. The cave is a remnant of a previously larger conduit drainage system that 
may have formed as a result of karst piracy of a former surface stream. An overview of 
the relation between the sinkhole, the underlying cave, and the surrounding karst plain is 
presented in this poster.   
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IN NORTHWEST INDIANA 
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Introduction 
The Deep River system in northwest Indiana was listed by a recent USEPA 303(d) 
document as an impaired stream in different reaches for a v ariety water quality 
constituents. This river system drains 180 square miles of northwest Indiana to Lake 
Michigan. The watershed includes the communities of Crown Point, Hobart, Merrillville 
and Gary. A Total Maximum Daily Load (TMDL) report was prepared by the Indiana 
Department of Environmental Management (IDEM). 
http://www.in.gov/idem/nps/files/tmdl_deep_river_report.pdf).  
 
Water quality observations were made in the watershed during 2013 for preparation of 
the TMDL document. TMDLs were subsequently developed for E. coli, phosphorus, 
dissolved oxygen, and impaired biotic communities. A load curve based approach was 
adopted in this study for TMDL development. 
 
HSPF Model development 
With IDEM support, the Northwest Indiana Regional Planning Commission (NIRPC) is 
developing a watershed management plan for the Deep River System. A rainfall runoff 
simulation based HSPF (Hydrology Simulation Program Fortran) was used to create flow 
and water quality simulations for the plan. The HSPF model is public domain software 
developed by the USEPA for calculating TMDLs. The HSPF model is very well 
integrated with BASINS software with which geospatial data can be consolidated and 
used. Using the HSPF model, loads emerging from different sub-watersheds were 
calculated and the estimates then compared with the loads derived with the load curve 
method used in this study. The Deep River USGS gauging station at Hobart was used for 
flow calibration. Water quality observations from 15 stations (observed by IDEM during 
2013) were used for water quality calibration. Using flow simulations and water quality 
simulations from the HSPF model, loads were estimated in this study. 
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Soil test nutrient concentrations vary with depth.  Therefore, sampling depth needs to be 
considered in routine soil sampling for the purpose of making fertilizer recommendations. 
An incorrect sampling depth can lead to an exaggerated application of fertilizer. The 
excessive use of unnecessary fertilizers can lead to contamination of water. Information 
about how soil sampling depth affects nutrient recommendation is limited in Kentucky.  
The objective of this study was to determine the relationship between soil sampling depth 
and the nutrient values of soil test analyses. Samples were collected from a 0-5 cm depth, 
0-10 cm depth, 0-15 cm depth, and 0-20 cm depth. Each field was grid sampled using a 
0.25 acre grid. Phosphorus (P) and Potassium (K) levels were determined using the 
Mehlich III method. The cation exchange capacity was measured using the ammonium 
extraction method. The results of the soil test analyses were used to determine the amount 
of P and K fertilizers that should be applied to each field in order to provide the needed 
nutrients for a soybean crop with a yield of 40 bushels per acre. The soil test analysis 
results were integrated into multiple fertilizer recommendation equations to analyze the 
significance of the results. Nutrient recommendations were made for each sampling 
depth. The data were used to calculate means, standard deviations, coefficients of 
variation, and standard errors of the soil test and fertilizer recommendation results. The 
significance of the difference in sampling depth will be discussed in the poster 
presentation. 
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Tillage practices profoundly influence soil physical properties, which eventually affect 
plant growth.  Therefore, it is important to investigate a tillage system that sustains soil 
physical properties required for the ideal environment for plant growth.  The objectives of 
this study were (1) to evaluate the impact of conventional tillage and a tillage rotation on 
soil properties including soil organic matter (SOM), bulk density (BD), compaction, and 
porosity and (2) to determine if these properties are differently affected by tillage 
practices in the northern, central, and western portions of Bond County, Illinois.  Soil 
samples were collected from the depth of 0 to 7.5 cm and 7.5 to 15 cm from three areas 
and three different sites in Bond County, Illinois.  The samples were analyzed for SOM, 
BD, soil penetration, and porosity.  All the data were analyzed using one way ANOVA 
and least significant difference test at α 5%.  The results show that all of the properties 
were significantly affected by tillage practices, but the magnitude of differences varied 
among the soil properties.  The highest SOM content was observed in the woodland areas 
for the northern site (1.18% at the 0 – 7.5 cm depth and 1.14% at the 7.5 – 15 cm depth) 
and the central site (0.90% at the 0 – 7.5 cm depth and 0.81 at the 7.5 – 15 cm depth).  
The highest bulk density was observed in the central rotational tillage area (1.38 g/cm3) 
and the western rotational tillage area (1.28 g/cm3).  H igh soil compaction was mostly 
found in the northern woodland area (47.92 psi at the depth of 7.5 – 15 cm) and in the 
western woodland area (58.34 psi at the depth of 7.5 – 15 cm).  The results indicated that 
average soil porosity at the depth of 0 – 15 cm was higher in the woodland areas (at the 
northern site 60.48%, the central site 59.80%, and the western site 60.89%) than in the 
conventional or rotational tillage areas.  In conclusion, the findings of this study can help 
farmers identify a type of tillage system that would improve the soil physical 
environment for crop growth. 
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Landon M. Gibbs and Iin P. Handayani  
Murray State University, Hutson School of Agriculture 
 
Mailing address: 408 Northwood Drive Apt A 
Murray KY, 42071 
740-505-4817 
lgibbs1@murraystate.edu 
 
The assessment of infiltration rates is essential to estimate surface runoff in order to 
reduce the risk of pollutant contamination and to effectively apply water and fertilizers 
for a crop’s benefit. The objectives of this study were (1) to assess the impacts of six 
agroecosystems on infiltration rates; (2) to observe the temporal variability of soil 
infiltration rates under various seasons (fall-spring-summer-fall); and (3) to quantify the 
relationships between soil infiltration rates with other properties including soil organic 
carbon (SOC), macroaggregates, and bulk density. The study was conducted in 
Calloway County of western Kentucky using six agroecosystems.  T hey were no-till 
corn, conventional tillage soybeans, conventional tillage tobacco, organically grown 
vegetables, woodland, and prairie. All of the soils used in this study have a silt loam 
texture. The infiltration rates were measured using a single ring infiltrometer. Soil 
organic carbon (SOC) was measured using the loss on i gnition (LOI) method. 
Macroaggregates and bulk density were determined using wet sieving and ring methods, 
respectively. The data were statistically analyzed using ANOVA followed by the least 
significant difference (LSD) test at α 5%. The results show that organic farming and the 
wooded system have the highest infiltration rates (35.2 cm/hr and 37.7 cm/hr) and the 
lowest bulk densities (1.0 g/cm³ and 1.1 g/cm³), respectively. The relationship between 
infiltration rate and organic carbon, bulk density, macroporosity, and total porosity was 
r²=.99, r²=.60, r²=.69, and r²=.66. The no-till corn field had a higher bulk density than 
the conventionally tilled systems (1.7 g/cm³) and lower total porosity of 80%, but had a 
higher infiltration rate than the conventionally tilled systems at approximately 12.9 
cm/hr. The organic system had a 60% lower bulk density than the no-till corn, which 
were the lowest and highest bulk densities, respectively. The most dramatic differences 
amongst infiltration rates occurred in the wooded system which increased from 36.3 
cm/hr in the fall of 2013 to 39.3 cm/hr in the summer of 2014. Amongst the averages, 
however, which range from 4.3 c m/hr to 37.7 c m/hr, the seasonal changes were not 
significant.  
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